Since the introduction of an EC-directive on stronger demands on covering and lining of landfills, the Swedish Parliament has adopted new legislation on waste deposition. Within a near future, a large number of landfills in Sweden have to be closed down due to these stronger demands. Covering of landfills has traditionally been carried out with till as covering material. The use of till causes depletion of a natural resource and in addition, high costs for transportation might arise. Alternative materials have thus been sought for. Two potential materials are sludge and ash. Their behaviour with regard to leaching is not very well known and the focus of this work is to further investigate this issue. A pilot scale area on a closed-down part of the Gryta landfill site in Viistenis, Sweden; was partly covered with composted sewage sludge mixed with mineral soil, partly with ash. The aim was to find out whether the leachate from the covered areas had to be subject for further treatment before being discharged into the recipient. The leachate was analysed for nitrogen and phosphorus. The results from the first three months of the experiment showed high concentrations of both nitrogen and phosphorus in the leachate, probably due to a washing effect. It is expected that the nutrient concentrations will decrease in the future when the content of nutrients in the covering materials have been washed out and when vegetation has been established. Further investigations of the leachate will confirm this. Based on these findings and the fact that the materials fulfil other requirements for covering materials, it was concluded that both sludges and ashes could be regarded as suitable materials for a sustainable landfill covering. Further investigations on the subject are however suggested.
INTRODUCTION
The Swedish Parliament has adopted new legislation on waste deposition since the intro duction of an EC-directive for more stringent demands on lining and covering of landfills. Due to the new directive, a large number of landfills in Sweden are supposed to be closed down in the next few years. These landfills have to be properly covered in order to sustain for many decades. The requirements for landfills ( class I and 2) are that the generation of leachate do not exceed 5 and 50 l/(m 2 -year) respectively and, that the kr is less than I 0· 9 in order to prevent water to penetrate the cover over a period of 50 years.
Covering of landfills has generally been carried out using natural materials, for instance clay and till, in the different covering layers [!) . There is however a shortage of suitable natural materials, especially in urban areas, implying that high costs might arise from transportation of these materials to landfills to be covered [2) . Another disadvantage using natural materials is that natural resources are depleted when these are quarried. Therefore, alternative materials that can substitute these are of interest. Industrial by products belong to a category of materials that has attracted attention in recent years. Two materials, available in surplus in urban areas, are sludge and ashes, e.g. fly ashes and bottom ashes. Both these materials have been tested as covering materials in Sweden as well as in other countries with promising results [3, 4, 2, 5) .
The investigations have in most cases been focused on the hydraulic properties of the materials and results show that the materials are suitable for covering purposes [5, 6) . Less attention has been paid to the environmental effects of these materials when used as liners or protection layers. It is of importance to find out whether unwanted substances such as metals or nutrient are leachable from the materials, since the generated leachate might need treatment before being discharged into the recipient. Johansson [7] showed for instance that ashes contain organic material that can be leached. The amounts of P AHs in ashes varied according to the study, and in some cases the leached P AHs exceeded the Swedish generic guidelines for PAHs in soil [7] . Also sludge contains substances hazardous to the environment (8) . Except for nutrients, the sludge might contain other pollutants such as heavy metals due to the fact that polluted waters others than domestic wastewaters are transferred to municipal wastewater treatment plants.
Leaching of nutrients from ashes and sludges has not been investigated in the same extent; thus it is an important question to address. The aim with the present investigation was there-fore to study the leaching of nutrients, e.g. phosphorus (P) and nitrogen (N) from ashes and sludges mixed with fill material in the initial phase of a field trial at the Gryta landfill site in Vasteras, Sweden.
MATERIALS AND METHODS

Site description
The Gryta landfill north of Viisteras is one of the landfills that have to be closed down before 2008 due to the new legislation concerning more stringent demands on lining and top covering. The landfill site is run and operated by the waste company Viistmanlands A vfalls-aktiebolag (Vafab ). There is one landfill at the site. The landfill consists of two parts, one is still in operation, and the other one was closed down in 1991. Domestic and industrial wastes as well as sludge have been deposited at the landfill without sorting.
A part of the old landfill has since the end of 2002 been subject of a pilot-scale study with regard to the investigation of different industrial by-products as covering materials. One of the aims with the project was to investigate the leachate from different layers of the covering. For this purpose, the pilot-scale area was divided into two equally large test areas, each with an area of 500 m 2 and a height: length ratio of l: l 0. The foundation layer in the first test area was composed of a mixture ( l : l) of fly ash from the incineration plant in Viisteras (combustion of coal/peat) and bottom ash from the Hogdalen incineration plant (combustion of domestic wastes). The corresponding material in the second area was a mixture of fly ash from the incineration plant in Viisteras (combustion of biofuel/wood) and bottom ash from the Hogdalen incineration plant (combustion of domestic wastes). Also in this case, the ratio was I : I. A synthetic geomembrane (LLDPE) was placed in the foundation layer in order to collect water that possibly would percolate through the impermeable layer (see Figure  1) . On top of the foundation layers, an impermeable layer consisting of a clay geomembrane (bentonite) and stone powder was placed. A drainage layer covered the impermeable layer and as protection layer, a mixture of composted sewage sludge and fill material was used.
Equipment for collection of percolated water was installed in both test areas. In each test area, one lysimeter was placed immediately below the protection layer, and one in the foundation layer, see Figure 1 . Percolated water from the lysimeters was separately transferred to a near-by well, common for the two test areas. In the well, different containers were placed in order to collect the water from each lysimeter. The containers were graded in order to enable measurements of the water volume.
Sampling and analyses
The sampling period started on April 15, and ended on June 3. Samples of the percolated water were taken once a week. The water samples were pumped from the well into plastic bottles and transferred directly to the laboratory where they were analysed for total-P, total-N, NO 3 -N, NO 2 -N and NHi-N. The samples were analysed in duplicate, two were non-filtrated, two were filtrated (0.45µ). The analyses were carried out by means of Dr Lange photometer (Isis 9000). To detennine concentrations of the mentioned nutrient fractions, Cuvette-Tests were used in accordance with standard instructions.
RESULTS
During the experimental period, percolated water could only be sampled from the uppermost lysimeters due to lack of water in the lower ones. The results from the investigation are presented in Table 1 . The results show that the concentrations oftotal-P were found in the range 0.1-2.07 mg/I for non-filtrated samples and 0.21-0.50 for the filtrated samples. The P-concentrations in the non-filtrated and filtrated samples showed good agreement at all sampling occasions when compared indicating that the P was not particulate bound.
The concentrations of total-N varied between 286-558 mg/I for the non-filtrated samples and 464-513 mg/I for the filtrated samples. Again, the concentrations in the non-filtrated and filtrated samples showed good agreement except for May 6, when the N concentration in the filtrated sample was much higher than in the non-filtrated sample.
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The figures for ammonia-N varied between 9.2-52.6 mg/I. The figures show the same pattern as for total-P and total-N, a good agreement with non-filtrated and filtrated samples. At one occasion, May 20, the concentrations differ.
The concentrations of NO 3 -N varied between 2-505 mg/I for the non-filtrated samples and between 344-446 mg/I for the filtrated samples. The concentrations for the non filtrated and filtrated samples showed a good agreement also in this case, with exception for May 6, when the NO 3 -N concentration was higher in the filtrated sample.
The concentrations ofeNO 2 -N varied between 0.56-1.88 mg/I for the non-filtrated samples and between 0.57-1.82 mg/I for the filtrated samples. The differently treated samples show good agreement also for this N-fraction with exception for the sampling occasion on May 6 when the NO i -N concentration was much higher in the non-filtrated sample.
DISCUSSION AND CONCLUSIONS
For the purpose of this survey, water from the final covering has been collected and analysed during eight weeks. This is a limited period of time, indicating that conclusions about the final covering in toto cannot be drawn. The study only concerns the initial phase of the final covering, when vegetation was not yet established on the surface, when precipitation built in to the covering started to come out; e.g. when the conditions for leachate therefore were the worst possible.
The design of the final covering at the Gryta landfill site is expected to be safe. The protection layer is supposed to have good water holding properties, due to the structure and content of organic matter of the composted sewage sludge mixed with fill from nearby building sites. One of the main ideas with this type of top cover is that vegetation will establish on the surface and increase the water transpiration; thus reducing the production of leachate and minimizing the pressure on the liner.
The pilot-scale experiment showed that only very small amounts of water could be collected from the lower lysimeters; e.g. in too small quantities allowing for analysis. Water in sufficient quantities could on the other hand be collected from the uppermost lysimeters. There are two possible sources of this water. The first one is precipitation that has percolated through the protection layer, the second is precipitation built into the system during the construction. During the experimental period, the precipitation was approximately JOO mm [9] . In spite of this, it cannot be concluded that water has percolated through the protection layer due to the water holding properties of the top material. The percolated water is most probably originating from snow and ice being included in the construction of the covering system. The covering system was constructed during the winter of 2002 and it snowed during this period. The percolated water collected is therefore likely to originate from melting of the included precipitation. If this is the case, the results indicate that the final covering is fulfilling its task, namely preventing water from percolating through the layers reaching the waste and produce leachate. This is also supported by the fact that no water has so far percolated through the impermeable layer [IO) .
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The percolated water did however contain nutrients. During the sampling period, the nutrient content in the percolated water was in relation to regional agricultural runoff in the same range. Less total-P was leaking from the final covering than from agricultural land during the experimental period [9] . Total-N losses from the final covering were 10 times higher than losses from agricultural land during the initial phase. This indicates that the problem with leachate from the final covering is a question ofN-leakage Analysis of the water shows that most of this N-leaking is in form of nitrate.
Another question that arises, is for how long these N-concentrations in the percolated water will remain? According to Sundberg et al. [2] , the amounts of leachable nutrients are higher during the first years but are expected to decline over time. Experiments with composted sewage sludge mixed with mineral soil in the same proportions have been conducted in Austria. These results also shows a reduction of approximately 60% in nitrate concentrations in percolated water over the first six months of the experimental period [I I] .
Eutrophication is the most considerable environmental issue that the final covering contributes to by its release of nitrogen. Phosphorus is the limiting nutrient in the recipient, lake Miilaren, but the leakage of phosphorus is small. The Gryta landfill site discharge a total of 40 tonnes of nitrogen per year. This water volume is transferred to the municipal sewage treatment plant where nitrogen concentrations are reduced by approximately 50 %. This means that the release of nitrogen into lake Miilaren caused by Gryta landfill is 450 kg N per year. The final covering would during one year release at maximum 150 kg N. This figure is very approximate and most likely too high since it is based on measurements during the implementation phase. During this period the covering surface has not been covered with vegetation, which means that not only concentrations but also amounts of water would in fact decrease over time.
For the future, it is of importance to monitor the cover system in order to investigate the amounts of water that possibly will percolate through the different layers indicating whether the sealing is sufficiently constructed. It is also of importance to continue the monitoring of the nutrient concentrations from the protection layer in order to find out if the water has to be treated or not before being discharged into the recipient. In fact, there is a monitoring programme running for this purpose. Samples are collected weekly, frozen, and analysed monthly as a composite sample. It is suggested that this monitoring programme will last during the following number of years.
